and most thalamic nuclei). In contrast to the increases in CBF observed in forebrain regions, no significant in creases in CBF were observed during nimodipine infu sions in regions of the lower brainstem, cerebellum, and pons or in myelinated fibre tracts. The proportionately greatest increases in local CBF were observed during in fusions of the lowest dosage of nimodipine (1 j.Lg kg-I min -1), suggesting either that this dosage provokes max imum cerebrovascular relaxation or that effects of in creasing concentrations are counteracted by the concom itant systemic hypotension. Key Words: Calcium antag onists -Cerebrovascular circulation -Iodoantipyrine autoradiography -N imodipine. sels (Shimizu et aI., 1980; Towart and Kazda, 1982; van Breemen et aI., 1982) . In contrast, the effects of calcium antagonists on CBF in intact animals are less clearly established. Some investigators de scribe marked elevations in CBF following the ad ministration of calcium antagonists (Harper et al., 1981; Kazda et aI., 1982; Haws et aI., 1983) , whereas others have been unable to demonstrate marked alterations in CBF following their admin istration (Harris et aI., 1982; Edvinsson et aI. , 1983) .
In the present study we examined the effects of intravenous administration of various concentra tions of nimodipine on local CBF in normal, an aesthetised rats. We employed the quantitative au toradiographic [1 4 C]iodoantipyrine technique (Sak urad a et aI., 1978) and focussed particularly on the extent to which either regional heterogeneity in the cerebral circulatory responses to nimodipine or changes in arterial blood pressure may have con tributed to previous inconsistent data on the effects of calcium antagonists on cerebral tissue perfusion.
METHODS

General surgery and animal preparation
The experiments were performed on male Sprague Dawley rats (weighing between 300 and 470 g). For in duction of anaesthesia, the animals were placed in a Per spex box into which an anaesthetic gas mixture (70% ni trous oxide-30% oxygen, containing 5% halothane) was delivered. Anaesthesia was then maintained by means of a face mask through which 1 % halothane was adminis tered. A tracheostomy was performed, and the rats were mechanically ventilated with 0.5% halothane in Np-O, (70%:30%). We recognise that halothane is a potential dilator of cerebral blood vessels (McDowall, 1967) . How ever, the use of this anaesthetic was common to both vehicle-treated and nimodipine-treated rats and there fore would be unlikely to invalidate this comparison. Small incisions (approximately 1 cm) were made in the groin on each side, and the femoral vessels were ex posed. Polythene catheters, 15 cm long and filled with heparinised saline solution (10 units/ml), were introduced retrogradely into both femoral arteries and veins for con tinuous measurement of arterial blood pressure, for with drawal of arterial blood (for blood gas measurements, plasma glucose level determination, and blood sampling), and for administration of drugs and radioactive tracers.
Determination of local CBF
Local CBF was measured with the quantitative auto radiographic technique with [14C]iodoantipyrine as tracer (Sakurada et aI., 1978) . [14C]Iodoantipyrine (50 /-LCi in 1.5 ml saline) was infused intravenously over a 30-s period on a "ramp" schedule; i.e., the rate of infusion was in creased progressively so that arterial tracer concentration would be highest at the end of the experiments. During administration of the tracer, arterial blood was allowed to drip freely from a partially occluded catheter in the femoral artery, and 15-18 samples of blood were taken separately on preweighed filter discs. The times of sam pling were recorded and were used with the radioactive concentration of each blood sample to describe the his tory of arterial radioactivity during the course of the ex periment. At the end of infusion of the isotope, the ani mals were killed by decapitation and the brains quickly dissected out and frozen in isopentane at -45°C within 2-3 min. The filter discs were placed in tightly capped scintillation vials, to prevent evaporation, and reweighed.
Hydrogen peroxide (0.4 m!) and water (l m!) were added to bleach the blood and extract the radioisotope. Te n mil liliters of liquid scintillant (Pico-fluor®) was then added. Tw enty-four hours was allowed to elapse before liquid scintillation analysis.
Brain sections (20 /-Lm thick) were cut in a cryostat at -22°C, and 3 of every 20 sections were mounted on glass coverslips and dried on a hot plate. Autoradiograms were prepared from these sections, together with a set of plastic standards of known 14C concentration (44-1,175 nCi/g), by applying them to X-ray film (Kodak SB-5) for 7 days in light-tight cassettes. Analysis of the resultant images on the X-ray film was performed using a com puter-based densitometer (Quantimet 720; Cambridge In struments) with reference to the precalibrated standards. For each area of the brain, 12 optical density readings were made bilaterally on six consecutive sections in which the structure could be anatomically defined.
Preparation of nimodipine
Because the breakdown of nimodipine is facilitated by white light, the drug was dispensed under sodium light; the drug, catheters, and syringes for infusion were always covered with silver foil. The drug was added to a lutrol glycerin-water mixture and heated gently with continuous stirring until fully dissolved. As a control, rats were in fused with the lutrol-glycerin-water vehicle, and all com parisons were made with vehicle-treated controls.
Experimental design
Following completion of the surgical preparation, at least 30 min was allowed to elapse before the start of infusion of the drug or vehicle. This was done to achieve normoxia, normocapnia, stability of the blood pressure, and normal plasma glucose concentrations. Normocapnia was achieved by adjusting the tidal volume of the respi rator. Body temperature was maintained at 37 ± 0.05°C by placing the animals in an automated heating box. In control experiments (seven animals), the lutrol-glycerin water solvent alone was infused via the femoral vein for 1 h before measuring local CBF. In nimodipine-treated animals the rates of drug administration were 1 /-Lg kg -1 min -I (six animals), 2 /-Lg kg-' min -I (seven animals), and 4 /-Lg kg-I min-I (seven animals). CBF was measured 60 min after the start of infusion of the drug. The volume of infusion was 0.0136 ml kg-I min -I.
Statistical treatment
The data were analysed by Student's t test for grouped or, where appropriate, paired data with the use of Bon ferroni's correction in a multiple comparison.
RESULTS
General
There were no significant changes in arterial Pco2, Po2, or pH in any of the groups during infu sion of the drug (Table O . The infusion of a lutrol glycerin-water solvent in control animals did not significantly change either MABP or arterial plasma glucose concentration. In contrast, nimodipine ad ministration produced a dose-dependent decrease in MABP, the maximum decrease being observed 5 min after the start of infusion (Table 2, Fig. 1) . A dose-dependent increase in plasma glucose level was also observed during the infusion of nimodipine (Fig. 1) .
Local CBF
The intravenous infusion of nimodipine (1 f.Lg kg -1 min -1) provoked significant increases in local CBF in 9 of the 31 regions examined. The increases in CBF were most marked and the significance levels greatest during infusion of the lowest con centration studied. No dose dependency of the ef fects of nimodipine on CBF (i.e., with further in creases in CBF being observed during the infusion of greater concentrations of nimodipine) was noted in any region of the brain (Table 3) . 
* *
The effects of nimodipine on local CBF were re gionally heterogeneous. The most marked increases in CBF (by more than 60%) were observed in the rostral neocortex; moderate increases (25-50%) were observed in various subcortical forebrain areas (caudate nucleus, globus pallidus, hypothal amus, and some thalamic nuclei) and some com ponents of the limbic system (hippocampus, septal nuclei, and amygdala). In sharp contrast, blood flow in the cerebellum, lower brainstem, and white matter was minimally altered by the infusion of ni modipine (Table 3) .
The effects of nimodipine and other calcium an tagonists on CBF have been extensively investi gated in primates, dogs, cats, and rats under con ditions in which the cerebral circulation was intact and with preexisting cerebrovascular dysfunction (Kazda et aI., 1979 (Kazda et aI., , 1982 Harper et aI., 1981; Harris et aI., 1982; Edvinsson et aI., 1983; Haws et aI., 1983; Smith et aI., 1983; Steen et aI., 1983) . No consensus has yet been established as to whether calcium antagonists, which are certainly potent di lators of cerebral vessels, do indeed increase CBF. In this study we addressed three factors (dose de pendency, the complicating actions of the drug on arterial pressure, and regional heterogeneity in the Internal capsule 50 ± 5 53 ± 5 50 ± 6 49 ± 2 a p < 0.01; bp < 0.05, Student's t test for grouped data with Bonferroni correction.
C Increases in CBF which failed to achieve significance with this conservative procedure but which would have attained significance (p < 0.05) with an uncorrected t test. Local CBF (ml 100 g-I min -I) data are presented as means ± SE, measured after 60 min of infusion at the rates shown. The data are ranked as a hierarchy from regions in which the response was most significant (parietal cortex) to regions in which it was least significant (internal capsule). attenuation of hypercapnic cerebrovascular dilata tion by hypotension (Harper and Glass, 1965 
